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Residentia and commercia buildings use 33 quadrillion Btus (quads) of primary energy annually. This represents more than athird

of total U.S. energy consumption, and accounts for two thirds of al eectricity used in the country. This energy costs building owners
and operators over $220 billion each year. Because utility bills are a substantial part of family budgets, residential building energy use
affects what kind of housing we can afford and how comfortable and healthy we are at home. Energy use in the commercial sector
represents a cost to business and can have a substantial bearing on employee health and productivity.

Energy consumption in buildings has serious environmental implications. Carbon dioxide emissions attributable to buildings energy
use in the U.S. congtitute 35% of the national total. In addition, energy use in buildingsis responsible for 47 percent of U.S. sulfur
dioxide emissions and 22 percent of nitrogen oxide emissions, making building energy use amgjor cause of acid rain and smog in our
communities. The Energy Information Administration projects that, if unimpeded, annual energy consumption in the buildings sector
will increase to 38 quads by the year 2015.

Buildings for the 21 Century

The buildings energy industry is entering a period of complex challenges brought about by two major trends: technological innovation
and electric utility restructuring. As the marketplace for energy opens up to competition, new technology applications and market-
driven utility rates could engender an exciting range of energy-efficient building services and equipment, such as interactive
communications and controls, integrated power generation, advanced materials and “smart appliances’. Also, technology
developments outside the traditional building markets--telecommunications, fiber optics, construction efficiency, etc.--could be
adapted to building energy systems. The ability to adapt, integrate, and deploy the steadily growing range of technology options will
be key to improving the efficiency of new and existing buildings.

There is also a continuing need for action in the context of existing technologies. Implementation or deployment of cost-effective
technologies can often be greatly delayed by user uncertainties, such as life-cycle cost, long-term performance, safety or other product
atributes. Facilitating the deployment of recent technological advances, including creative applications of existing technologies, is
therefore critical to reaping the benefits of R&D. Analysis of existing technologies also provides a valuable feedback |oop to the next
generation of products.
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No single builder, manufacturer or other member of the construction industry is prepared or can afford to undertake alone the complex
integration and deployment challenges ahead. Without DOE as facilitator and participant in cooperative arrangements, many energy-
efficient technologies are not likely to be used in the buildings sector for many decades. DOE and partners need to plan, guide,
facilitate, and implement the transition to more efficient technologies.

In order to respond to the changing environment and to better serve customer needs, a major effort is currently underway to create a
vision and action plan for the buildings program. This effort is being referred to as Buildings for the 21* Century. The Buildings for
the 21% Century strategic planning process brings together the collective genius of the design, construction, and investment industries.
The Buildings for the 21% Century activity will be used to advance the “whole-buildings’ approach to achieving alasting
transformation of the energy efficiency delivery system in buildings. The whole-buildings approach involves a consideration of all
phases of the building process (design, construction, operation, maintenance, financing, insurance, retrofit/renovation, and demolition),
engagement of al participants (designers, builders, code officials, owners, building managers, devel opers, investors, building product
manufacturers and suppliers, and other members of the construction industry), as well as the optimal integration of building materials,
equipment, and systems which has traditionally been the focus of DOE’ s research and development programs.

The Buildings for the 21% Century’s whole-buildings approach represents a “new way of thinking” to be used in coordinating current
and future buildings programs. The strategic plan itself will identify approaches and necessary actions that will require
implementation strategies to ssimplify and focus the program priorities. More importantly, however, the strategic planning process and
the permanent feedback mechanisms built into the whole-buildings implementation approach will continuoudy stimulate dialogue
between the research community (government labs and industry researchers) and those who are ultimately responsible for buildings
design, construction, and operation. The existence of a customer-focused, integrated, and dynamic buildings strategy will enable
smooth technology transfer and accelerate the adoption of new technologies. Industry partnerships to develop technology initiatives,
peer review and competitive solicitations for R& D are also integral to this new way of doing business.

Two Buildings for the 21 Century workshops have already been held where a“blue ribbon” group of public, private, nonprofit, and
community leaders were invited to participate in creating the first vision and action plan around the “whole buildings’ concept. These
workshops were but the first steps in a continuing effort to improve the focus of the buildings programs. 1n the upcoming months,
additional meetings will be held in order to develop technology visions and R& D roadmaps to guide the Department’ s future efforts
and to help in tracking and evaluating the progress of all programs. Already, the residential and commercia buildings agendas are
being reviewed to define the adjustments that are needed to accel erate the adoption of the Buildings for the 21 Century whole-
buildings approach as defined by our stakeholders. Throughout the process, both Codes and Standards and State and Community
Programs will be closely coordinated.
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Vision - Buildings for the 21°' Century

In the 21% century, people have higher expectations for the buildings in which they live, work, learn, and play. Good buildings
provide comfort and convenience, are energy and resource efficient, are of high quality and durable, enhance health and productivity,
are smple to operate and disaster resistant, generate at least a portion of their own power, and yet are affordable. Good buildings also
protect those qualities in the buildings and community around them. The buildings industry, the financial community, and

government policy makers have responded to these higher expectations by developing and capitalizing on the “whole-buildings’
concept. Asaresult, U.S. industry is the leader in the global marketplace for construction and efficiency products and services.
Simply stated, the vision of the Office of Building Technology, State and Community Programs (BTS) is a healthier, more prosperous
future through the wise use of energy in buildings and communities.

Mission

It isthe mission of the Office of Building Technology, State and Community Programs in partnership with industry and government,
to develop, promote, and integrate energy technologies and practices to make buildings more efficient and affordable, and
communities more livable. Thisinvolves (1) supporting the development of new, cost-effective, and environmentally sound
technologies for buildings in cooperation with industry and the scientific community; (2) bringing these technologies to market
working with private and public sector partners; (3) ensuring broad access to these technologies by expanding market availability and
informed consumer choice; (4) establishing cost-effective building and appliance codes and standards; (5) coordinating Federal efforts
with state and local governments; and (6) providing direct investment and technical support to weatherize homes of low-income
families.

Goal and Objectives

The goal of the Office of Building Technology, State and Community Programs is to cost-effectively limit non-renewable energy use
in buildings by improving the energy efficiency of buildings and equipment and by expanding the role of renewable energy in
buildings. Specific objectives are: (1) to cost-effectively maintain energy consumption from non-renewable sources at the current
level of 32 quads, accommodating the predicted growth in population, GNP, and standard of living; and (2) to double, by the year
2015, the application of solar and other renewable energy sources to buildings.

Benefits
Detailed anaysis indicates that successfully achieving the program goals will result in total energy savings ranging from 1.41 to 2.04

guads by the year 2010. For consumers this represents a potential net savings of $10 billion in energy costs for the year 2010 alone.
Energy cost savings may be spent by consumers to improve their quality of life, which generally involves expenditures on more labor-
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intensive goods and services, which will stimulate economic growth and lead to job creation. Additional benefits will accrue from the
avoided construction costs of 18 gigawatts of power generation capacity, an investment estimated at $12 billion.

Other benefits include a reduction in atmospheric carbon emissions of up to 45 million metric tons annually by 2010 with
corresponding reductions in the emissions of sulfur dioxide and nitrogen oxides. In addition, the development of advanced buildings
technologies will help the U.S. maintain its role as a leading exporter of such technologies.

Strategy

The Department implements a strong, multifaceted portfolio of programs to encourage cost-effective investments in energy efficiency.
Consistent with a whole-buildings approach, the programs are designed to synergistically capture the benefits of four implementation
strategies. research, development and demonstration; market deployment; minimum efficiency standards for new buildings and
appliances; and State and local partnerships. These strategies are carried out through programs that address these areas: building
equipment and materials, building systems, codes and standards, and state and local partnerships.

Our work in building equipment and materials focuses on building components such as light sources, appliances, insulating materials
and windows. The program implements a balanced and integrated approach that links parallel streams of research, devel opment,
demonstration, and deployment activities. Through cooperative efforts, opportunities are created to dramatically improve the
performance of building components and accel erate their adoption in new construction and renovation/replacement applications.
Research and development activities consist largely of longer-term industry cost-shared projects. Project objectives include improving
the cost/performance characteristics of existing technologies; developing new, cutting-edge technologies, demonstrating the reliability
and functionality of advanced technologies; and establishing U.S. industry technology positions needed to maintain technology
leadership in international markets. Deployment activities, such asthe ENERGY STAR program, capitalize on R& D technical
innovations and complement the appliance codes and standards program by targeting consumers who can benefit from technologies
that are more efficient than required by minimum compliance levels.

Our work in building systems focuses on whole-buildings integration. Research and devel opment activities include the development of
design tools and strategies to optimally integrate building components, manufactured sub-assemblies, and equipment into whole-
buildings. Within building systems, Building America (residential) and Rebuild America (commercial and multi-family) are the
capstone initiatives of the Buildings for the 21* Century strategy. Building America and Rebuild America integrate building
component and systems R& D efforts with deployment activities through the formation of partnerships with organizations having a
stake in the buildings industry. These partnerships foster synergism and focus R& D efforts on those technology needs and
opportunities that are identified in the design, construction, operation, and retrofit of highly efficient showcase buildings and
widespread applications.
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The Codes and Standards program implements the legidatively mandated, multi-year effort to improve the energy performance of
building equipment, appliances, and construction practices. The program is carried out through two activities; building standards and
guidelines, and lighting and appliance standards. The building standards activity notably assists States in updating their mandatory
and voluntary energy codes. The lighting and appliance standards program includes appliance testing, labeling, and mandatory energy
conservation standards. The Codes and Standards program is a key contributor to the BTS strategy as it serves to displace the most
inefficient products and practices from the market. Efficiency levels are established so that they are cost-effective for the vast majority
of consumers and reflect a broad consensus of opinion among builders, manufacturers, and other stakeholders. Voluntary standards,
test procedures, and labeling activities increase consumer awareness so that they are more likely to consider more efficient
aternatives. They aso provide benchmarks for the development of market deployment initiatives such as ENERGY STAR.

State and Local Partnership programs promote energy efficiency and the adoption of renewable technol ogies among States,
municipalities, institutions, and private citizens. State, local, and community partnerships are essential elements to providing
education, weatherization, and other whole-building services. In particular these programs extend the benefits of energy efficiency
technologies and practices to families at all income levels. They augment the Buildings for the 21* Century strategy by incorporating
a state and local perspective to focus R& D agendas, deployment activities, and codes and standards devel opment.

Through the Buildings for the 21* Century process and a wide range of additional activities, the Department will ensure that all its
buildings programs reflect the BTS program’ s mission and goals and are responsive to the needs of its customers. Incorporated in this
new way of doing business are two mgor new thrusts. a commitment to increase the amount of research dedicated to competitive
solicitations, and; an improved peer and program review process to measure the quality and effectiveness of ongoing programs.

FY 1999 Budget Request

Working side-by-side with its customers, BTSis in the process of creating a new vision to serve as a basis for program devel opment
and implementation plans. The FY 1999 budget reflects the ongoing transition of the Department’ s building agenda towards a more
focused “whole-buildings” approach that incorporates important component-based research initiatives and new industry partnerships.
Complete implementation of the Building for the 21* Century strategy will be apparent in future BTS budget requests.
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PROGRAM FUNDING PROFILE

Building Technology, State, and Community Sector

Program Change
FY 1997 FY 1998 FY 1999 FY 1999 Request vs. Base
Activity Enacted Enacted Base Request Dollar Percent
Building Systems Design
OperatingExpenses .. .............. $ 23,255 $ 22,986 $ 22,986 $ 36,373 $ 13,387 58%
Building Equipment and Materias
OperatingExpenses . ............... $ 26,080 $ 26,921 $ 26,921 $ 46,181 $ 19,260 72%
Codes and Standards
OperatingExpenses .. .............. $ 11,810 $ 14,423 $ 14,423 $ 22,573 $ 8,150 57%
State and Local Partnership Programs
OperatingExpenses .. .............. $151,421 $156,695 $156,695 $197,700 $ 41,005 26%
Management and Planning
OperatingExpenses .. ... ........... $ 17,333 $ 12,850 $ 12,850 $ 14,718 $ 1,868 15%
Capital equipment . .. ............... $ 0 $ 0 $ 0 $ 0 $ 0 0%
Subtotal, Management and Planning $ 17,333 $ 12,850 $ 12,850 $ 14,718 $ 1,868 15%
TOTAL ... $229,899 &  $233,875 $233,875 $317,545 $ 83,670 36%
Summary
Operating Expenses . ............ $229,899 $233,875 $233,875 $317,545 $ 83,670 36%
Total Program ................. $229,899 $233,875 $233,875 $317,545 $ 83,670 36%
Staffing (FTE'S)
HOFTEs ..................... 81 74 74 75
FedFTEs .................... 0 0 0 0
Tota FTES .................... 81 74 74 75
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a  Reflects adjustment for approved reprogrammings 97-R-12 of $-1,060.0 thousand for the Small Business Innovative Research
Program (SBIR) and $-83.7 thousand for the Small Business Technology Transfer Pilot Program (STTR) activities.

Authorizations:

P.L. 94-163, "Energy Policy and Conservation Act" (EPCA) (1975)

P.L. 94-385, "Energy Conservation and Production Act" (ECPA) (1976)
P.L. 95-91, "Department of Energy Organization Act" (1977)

P.L. 95-618, "Energy Tax Act of 1978"

P.L. 95-619, "National Energy Conservation Policy Act" (NECPA) (1978)
P.L. 95-620, "Powerplant and Industrial Fuel Use Act of 1978

P.L. 96-294, "Energy Security Act" (1980)

P.L. 100-12, "National Appliance Energy Conservation Act of 1987"

P.L. 100-615, "Federal Energy Management Improvement Act of 1988"
P.L. 101-218, "Renewable Energy and Energy Efficiency Technology Competitiveness Act of 1989"
P.L. 102-486, "Energy Policy Act of 1992"
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SUMMARY OF CHANGES

Building Technology, State, and Community Sector

FY 1908 ENaCted . . . . oottt e $ 233,875
= NONEDISCIEIONAIY . . o ettt e e 0
FY 1000 BaSE . . .t it ittt i $ 233,875

Building Systems Design

- Residentia Buildings - The increase will add five new 200 home Building America communities a"zero energy”
systems approach, and design tools incorporating lessons learned from Building America. . .................. 5,595

- Commercia Buildings - The increase increases the number of Rebuild America partnerships from 55 to 85, makes
awards to industry-led consortia for whole-building commercial R& D, and expands efforts with industry to
integrate energy performance with building-related software . . ........... ... . 7,792

Building Equipment and Materials

- Technology Roadmaps and Competitive R& D - The increase supports competitive R& D directed by industry input 8,000

- Space Conditioning and Cogeneration - The increase supports enhanced R&D for natural gas technologies.
desiccants and fuel CEllS . ... ..o 2,950
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Lighting and Appliance - The increase accelerates research on compact fluorescent lamps, novel light distribution
systems, and lighting controls and impacts, and expands the Technology Introduction Partnership “TIP'S’ program
into commercial buildings technologies and incorporatesmoregasproducts . ...,

Building Envelope R&D - Theincreaseisfor R&D in environmentaly R&D benign agents to replace
chlorofluorocarbons and research in electrochromics and advanced glazings for windows . ..................

Codes and Standards

Building Standards and Guidelines - The increase supports efforts to increase ease in compliance and new codes .

Lighting and Appliance Standards - The increase supports standards for additional products . ... .............

State and Local Partnership Programs

Weatherization Assistance Program - The increase supports weatherization of nearly 15,000 more low-income
homesSthan IN FY 1008 . . . ... e e

State Energy Program - The increase supports state energy program priorities and reinforces state infrastructure .

Competitive Energy Partnerships - The increase supports new Competitive Energy Partnerships incorporating
technology, financing, training, and other novel approaches to incorporating energy efficiency in communities . . .

M anagement and Planning

Evaluation and Planning - The increase supports GPRA analysis and the design and implementation of a program
EVAlUAL ON PrOCESS . . . o\ v vttt ettt et e e e e

Program Direction - The increase supportsone additional FTE .. ......... ... ... . ..

FY 1999 Congressional Budget ReqUESE . . .. ... oot

5,738

2,572

4,530
3,620

29,255
6,750

5,000

1,768
100

$ 317,545
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BUILDING SYSTEMS DESIGN

[ Mission Supporting Goals and Objectives:

The mission of the Building Systems program is to dramatically improve the overall energy efficiency and environmenta quality of
the Nation’s commercial and residential buildings by improving the integration of building energy systems.

The Building Systems program accomplishes its mission by bringing together the technology specific BTS programs such as energy
efficient equipment, lighting, and structure components, with system technol ogies such as electronic controls and automated
construction processes. The result is a comprehensive program that investigates, develops and promotes the optimal mix of these
technologies to accomplish whole buildings energy excellence.

Market Segments and Customers

The program’s activities are divided along the lines of the two main energy-consuming Figure 1: Energy Use (Quads) for New and Existing Building s
building sectors:. residential and commercial buildings. This segmentation reflects the 35
very different institutional, technical and financial challenges that must be overcome to
improve energy efficiency in each sector.

Building markets are further divided into new construction and retrofit categories due to
important differences in needs and opportunities for energy savings. There were 83
million buildings present in the nation in 1995 and it is expected that 27 million new 15
buildings will be constructed in the 1995-2015 time-frame. On an individua building
basis, the opportunity for cost-effective energy savingsis greater in new construction
than it isin retrofit applications—50% compared to 20%. However, existing buildings 5
represent a larger segment of the total building market. Figure 1 illustrateswhy itis
important for DOE to be present in both activities. Although new construction savings
are greater on a per-unit basis, most of building energy use in 2015 will be from
buildings built before 1995. The short-term savings from retrofit improvements
complement the long-term savings that arise from improved new construction practices
and provide a steady stream of energy savings.

1995 2000 2005 2010 2015

Commercal New Construction
Commercial Stock Existing n 19605

Residential New Construction

WOE.

Residential Stock Existing i 1955
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Program Strategy

To service the building segments previously described, the Building Systems program supports a unique mix of research, development
and deployment RD& D activities for each segment. The role and emphasis of RD&D initiatives is adapted to ensure limited resources
are channeled to areas of greatest cost-effectiveness. In the residential sector, the program’ s efforts have been directed primarily to
new construction and systems R&D. The highly fragmented nature of the residential construction industry—comprised of over
160,000 homebuilders—has inhibited the development of a strong industry-led R& D agenda. 1n the existing institutional framework
no builder can afford to develop alone the analytical tools and system elements needed to optimize whole-building performance.
Building America is the program designed to bring “whole-buildings’ thinking and technology to the residential construction market.
The program acts as facilitator and catalyst in the formation of vertically integrated industry teams that use systems engineering
approaches to evaluate the systems-level cost and performance of innovative design and delivery strategies, building materials and
construction techniques. Building America public/private partnerships foster synergism and help focus al residentia buildings R&D
efforts on the most important technology needs and opportunities.

In commercial buildings the need for government participation is greatest in the retrofit market. Existing commercia buildings
frequently undergo major renovations that offer prime opportunities to adopt a “whole-buildings’ approach. To seize this opportunity,
building owners and managers must be made aware of the technology and financing options available to enhance building energy
performance, comfort and environmental soundness. To initiate alasting transformation of retrofit practices, BTS has developed
Rebuild America, a comprehensive energy-upgrade implementation program for existing commercial and multi-family buildings.
Rebuild America partnerships bring together the variety of interests—owners, operators, financiers, and energy specialists—necessary
to effect energy performance in our nation’s commercial building stock.

With Building America and Rebuild America as capstone programs, the Building Systems program plays a pivota rolein
implementing the Buildings for the 21st Century “whole-buildings’ strategy. Although different in market focus, both programs
integrate building component and systems R& D efforts, with deployment activities from all BTS programs. Building America and
Rebuild America are flexible programs that build on the strengths of existing efforts at State and local levels to meet the unique
priorities of local communities. Their strong market focus aligns al of the program’s RD& D efforts with the needs of its customers.

Planning Units

To implement its strategy and to deliver servicesto all target market segments and customers, the program groups its activities into
two residentia planning units. Residential Buildings R&D and Residential Technology Access; and two commercia planning units:
Commercia Buildings R&D and Commercia Technology Access.

Residential Buildings R&D

The Residentia Buildings R& D planning unit includes three key activities: Building America, Energy Efficiency in Industrialized
Housing, and Design Strategies. Building America embraces R& D using a whole-buildings approach to optimally integrate building
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components, manufactured sub-assemblies and equipment, and renewable energy into new homes which consume 50% less energy
than typical homes built in 1990. The Building America Industry teams will provide the leadership necessary to achieve the goal of
transferring major systems innovations to 15,000 new homes within five years and to 70% of all new homes within ten years. The
program is designed to provide feedback to improve R& D efforts and, through direct testing and evaluation of the costs and benefits
associated with new building technologies, provides critical input to the development of formal building codes and appliance
standards. Feedback from Building Americaand other R& D activities supports code revisions and voluntary initiatives by
documenting levels of excellence that may benefit many homeowners.

The importance of the factory-built home segment is growing—accounting for 8% of the current building inventory and for 30% of
new home construction—offering a unique opportunity for large energy savings at minimal cost. The Energy Efficient Industrialized
Housing (EEIH) program seeks to apply the large advantages of factory fabrication (quality control, automation, etc.) to the
construction of energy-efficient housing. Working with the industrialized housing industry and builders, the program considers
technology innovations needed in manufacturing processes—at the factory—and in construction site assembly techniques for large-
scale components. Manufactured homes and large building components developed and demonstrated by the EEIH program improve
indoor air quality and support the international competitiveness of U.S. manufacturers of these products.

The Design Strategies program performs research on the fundamental relationships of energy performance and devel ops and maintains
computer design and analysistools. These tools are used by design professionals to evaluate options for equipment and materias
selection, test solar design concepts, and study alternative design strategies to minimize whole-buildings energy use. Tools and
analytical methods devel oped by the program assist in the development of industry consensus standards and guidelines. All residential
programs use the tools and analytical methods to pre-test new technology strategies.

Residential Technology Access

Technologica innovations developed by Residential R& D programs are shared with the larger buildings community by means of three
Residential Technology Access activities: Residential Energy Efficiency, Affordable Housing, and Home Energy Rating Systems.
The Residentia Energy Efficiency program consists of the activities required to incorporate the results of al R&D efforts into the
knowledge base and standard practice of building professionals and homeowners, for both new construction and retrofit applications.
Elements of the program are: information dissemination, education and training; technical and design assistance; on-site assistance;
technology introduction and non-cash incentives (awards and recognition activities). Affordable Housing deployment activities
involve working with local communities, HUD, public housing authorities and other community housing providers, to lower the utility
costs of low- and moderate-income families. Home Energy Rating Systems help states overcome barriers to energy efficient financing
by providing the technical support necessary to rate homes and identify energy efficiency improvement opportunities.

Commercia Buildings R&D

The Commercial Buildings R&D planning unit includes two key activities: Building Performance and Design Strategies. Consistent
with awhole-buildings approach, the Building Performance program focuses on developing the analytical bases necessary to
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effectively design, operate and maintain buildings that are energy efficient, comfortable and conducive to health throughout their
operational lifetime. The Design Strategies program devel ops the specific computer software tools required to make informed
decisions on efficiency and renewable technology design strategies. These tools alow designers to ssimulate building performance and
conduct “what-if” and trade-off analyses. Both programs contribute to the industry consensus process for standards and guidelines.

To ensure that the commercia buildings research agendais responsive to the needs of industry, industry-developed R& D initiatives
are reviewed to avoid duplication and to identify opportunities for cooperation. DOE participation with the Heating, Ventilating, Air-
Conditioning and Refrigeration (HVAC&R) industry in the “HVAC&R Research for the 21* Century” program initiated by the Air-
Conditioning and Refrigeration Institute is one example of the Department’ s commitment to cost-shared research partnerships with
industry. Research findings are transferred through FEMP and other Federal programs, State and local programs, and Rebuild
America

Commercia Technology Access

Rebuild America spearheads the Department’s deployment and outreach efforts in commercia buildings and multifamily homes. The
program helps the formation of community and regional public/private consortia that plan and implement energy efficiency retrofitsin
existing buildings. Rebuild America partners are provided a broad range of services including, information, training, and seed
financia assistance to plan and finance retrofit projects. Rebuild Americaintegrates the results of research and devel opment
initiatives within the Building Systems and the Building Equipment and Materials programs, and in return, provides the customer
feedback needed to ensure the relevance of ongoing R& D activities.

The Commercia Outreach program focuses attention on building design, construction, and facility management professionals through
the formation of outreach partnerships. The Energy Star building performance label is being promoted in collaboration with the EPA.
Building operation and maintenance management training curriculum is being developed in partnership with facilities management
organizations. Other outreach activities aim to disseminate industry design standards and guidelines often developed from the
scientific basis provided by DOE R&D programs.

|.B. Program Benefits

At the proposed funding levels, the Building Systems program is estimated to yield the following benefits:

METRIC 2000 2010 2020
Primary Energy Displaced (Quads) 0.02 0.46 .99
Energy Cost Savings ($B) 0.14 2.86 5.93

Carbon Reductions (MM Tons) 0.45 9.30 20.00
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|.C. Performance Goals
Strategy/Goals for 2000

With the residential buildings sector the program will create industry consortia in partnership with communities and financial
ingtitutions to develop advanced building systems, and deploy innovative technologies to lead a national effort to reduce energy usage
in new homes by over 50% and existing home by 20%. The primary focus of the initiative is to increase the nation’s capability to
design, build and retrofit residentia buildings that will increasingly be energy efficient and affordable. 1n addition the program will
create local and community partnerships to retrofit one million public and assisted housing units.

For the commercia sector, the program will create consortia that will aid in the retrofitting of thousands of commercial buildingsin
communities around the nation. Advanced technologies developed and demonstrated under the program, including building
diagnostics, will reduce the energy use in new buildings by 30% when compared to 1990 baseline buildings. In addition the
commercia building program will achieve substantial change in the number of new buildings designed with full consideration of
energy and the provided indoor environment through a comprehensive program of design tools devel opment and deployment. It is
estimated that |ess than 20% of submitted designs today include an analyses of energy options. By 2000, the Building Systems
program will make energy and environmenta analysis an integral part of 50% of the submitted designs in the country.

Accomplishment Summary

FY 1997

-- The first community scale project of 330 houses under Building Americawas begun. Thirty-two (32) houses were built to 50%
above local code, with savingsin initial construction costs as well as long-term utility bills. In addition, Building America teams
built an additional 78 tests and prototype houses in other states.

-- Award new community housing partnerships were established to retrofit 100,000 public and assisted housing units.

-- Ten new Rebuild America consortia committed to retrofitting 400 million square feet of floor space.

-- “Passive Solar Design Strategies for Low Rise Buildings’ was released. This major publication was widely distributed to the
architectural community and included the latest DOE devel oped software tool ENERGY -10.

-- Builder training programs were piloted in four states.
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FY 1998

-- Second and third community scale projects of 200 houses under Building America program are under construction. Tota of 300
demonstration houses will have been completed.

-- Solicitation for new Energy Efficiency in Industrialized Housing (EEIH) contract will be awarded in FY 99.

-- Maor new energy ssimulation program combining best features and capabilities of existing DOE and DOD energy tools will be
released.

-- Draft industry consensus standard on residential ventilation will be issued.
-- Builder training programsin additional four states will be undertaken.

-- HERS activities will continue in 7 states as well as national activities.

Recruiting 55 new Rebuild America partnerships to join the program, increasing the total number of Rebuild America communities
to 195 representing all 56 states and territories.

FY 1999 - 2000
-- By FY 1999, five additional community scale projects with atotal of 1000 houses will be under construction.
-- New EEIH contract and begin revamped research.

-- The commercia buildings program will establish that 50% of al designs submitted in the U.S. include analysis of energy and
indoor environment.

-- Two billion square feet of commercial building floor space will be addressed by the Rebuild America program resulting in 100
trillion Btu/year savings.

-- By FY 2000, the Building America program will have developed 2500 highly energy efficient, environmentally friendly and cost
effective houses and disseminated these results to 15,000 houses constructed by other builders.

-- Recruit 85 new Rebuild America partnerships to join the program, increasing the total number of Rebuild America community to
280 exceeding origina goal of 250 partnerships.



1. A. Funding Table: BUILDING SYSTEMS DESIGN

FY 1997 FY 1998 FY 1999

Program Activity Enacted Enacted Request $ Change % Change
Residentia Buildings . ................ $ 10,157 $ 9,697 $ 15292 $ 5,595 58%
Commercia Buildings ................ 13,098 13,289 21,081 7,792 59%
Tota, Building SystemsDesign . ........ $ 23255 $ 22,986 $ 36,373 $ 13,387 58%

Il. B. Laboratory and Facility Funding Table: BUILDING SYSTEMS DESIGN
Argonne National Lab (East) ........... $ 250 $ 250 $ 250 $ 0 0%
Brookhaven National Lab ............. 100 100 100 0 0%
LawrenceBerkeleyLab ............... 3,400 3,200 5,985 2,785 87%
National Renewable Energy Lab ........ 7,200 6,993 12,383 5,390 7%
Oak Ridge National Lab . ............. 3,230 3,175 4,570 1,395 44%
Pacific NorthwestLab ................ 1,930 1,875 1,835 -40 -2%
AllOther ........... ... . . 7,145 7,393 11,250 3,857 52%
Total, Building SystemsDesign . . . . . ... $ 23255 $ 22,986 $ 36,373 $ 13,387 58%




1. Performance Summary: BUILDING SYSTEMS DESIGN

Activity FY 1997 FY 1998 FY 1999
Residential Residential Buildings R&D Residential Buildings R&D Residential Buildings R&D
Buildings includes: includes: includes:

BUILDING AMERICA: The
four primary Building America
teams worked to: (@) accelerate
the development and adoption of
building processes and technical
innovations in energy efficiency
into environmentally sensitive,
affordable housing on a
community wide scale, (b)
provide feedback to improve
efforts for both research into new
building technologies and
methods to accelerate technology
adoption based on field testing
and performance validation.
Building America continued the
integration of research improving
the performance of both new and
existing housing. The program
produced industrialized
residential housing with large
scale site assembled components,
including panelized, modular, and
HUD-Code manufactured units.

BUILDING AMERICA: The
Building America program
continues the integration of
research that improves the
performance of both new and
existing housing. Over 80
industry members of Building
America Consortiawork in 12
States.

BUILDING AMERICA:
Building Americawill expand to
include 100 industry members.
Over the next four years the
program will indirectly transfer
systems innovation to over
150,000 production homes, will
adapt systems engineering to
existing homes renovation, and
will achieve direct consumer
savings of $115,000,000 per year.
It is projected that by the year
2000, the Building America
program will have directly
developed 2,500 highly energy
efficient, environmentally
friendly, and cost-effective
houses. At the same time,
information will continue to be
shared with the overall building
industry; innovations used by
Building Americas team builders
are expected to diffuseto all lead
builders within 7-10 years.
Systems integration research
recommendations from the
public, private Partnership for
Advancing Technology in
Housing (PATH) will be
considered and incorporated into



I11.  Performance Summary: BUILDING SYSTEMS DESIGN (Cont’d)

Activity FY 1997 FY 1998 FY 1999
Residential Building Americato further
Buildings efficiency and affordability.
(Cont’ d)

Each team monitored test houses
and prototype production houses,
with major homebuilders, 32 of
which have been built to 50%
above local code, with savingsin
initial construction costs as well
as long-term utility bills. Each
began developing
"first-generation” communities.
As the Building America Industry
Consortia teams moved from
evaluation of individual test
houses to community-scale
construction. Construction of
first community scale project of
330 houses began. Short term
testing was complimented by long
term data collection and utility
bill anayss.

An additiona Building America
project focused on buildings

using passive solar/energy
efficiency measures to meet 75
percent of their heating and
cooling requirements at no
additional construction cost to the
owner. Working with various

Continue the emphasis on taking
"lessons learned" from test houses
and prototype production houses,
working with major homebuilders
and with additional builder
members to develop two new
"first-generation”" communities of
200 houses. Complete atotal of
300 demonstration houses.

Research activities also focus on a
thorough analysis of performance
data on completed buildings built
to passive solar standards. The
information collected is used (1)
to enhance passive solar design;
(2) to re-engineer the concepts
and adaptation to multiple

The program will continue the
learning process from test and
prototype production houses,
expanding upon the existing
developments and starting five
new "first generation”
communities of 200 homes each.
Critical "next generation”
strategic planning and systems
integration research will continue
as construction begins on severa
"second generation” test homesto
validate advancements, and to
incorporate them into new home
and renovation practices.
Continue efforts to improve
thermal distribution using
validation, demonstration and
training to define quantitatively
the benefits of efficient
distribution systems.

The program will aso continue to
focus on improving and
simplifying advanced concepts
used in the passive solar design
houses constructed, at the owners
expense, and monitored in FY
1997 and FY 1998. Replication
of these lessons learned will begin



I11.  Performance Summary: BUILDING SYSTEMS DESIGN (Cont’d)

Activity FY 1997 FY 1998 FY 1999
Residential design/build teams, four subdivision/planned unit to be performed in additional
Buildings completed homes were developments, and (3) for subdivision/planned unit
(Cont’'d) monitored. Datawas partially additional passive and hybrid developments, providing the

analyzed. Work began on the
redesign of selected concepts used
in these buildings to improve
performance, and adapting one
design to a subdivision-scale
development, creating a building
using renewable energy strategies
to meet all its energy needs. The
Integrated Building and
Construction Solutions of
Pittsburgh, the Building Science
Consortium, the Consortium for
Advanced Residentia Buildings
and the Hickory Consortium;
National Renewable Energy
Laboratory [NREL], the Passive
Solar Industries Council [PSIC]
and the Florida Solar Energy
Center) ($4,562)

ENERGY EFFICIENCY IN
INDUSTRIALIZED HOUSING:
Began working with Palm Harbor
homes, aleading manufactured
housing provider, to design and
monitor the first manufactured
houses to achieve Energy Star
certification; began development

solar cooling concepts.
Knowledge gained from these
advanced buildings are used to
enhance the capabilities of the
"Passive Solar Design Strategy
Guidelines and Design Tool," and
analysis software. (the Integrated
Building and Construction
Solutions of Pittsburgh, Building
Science Consortium, Consortium
for Advanced Residential
Buildings and the Hickory
Consortium; NREL, PSIC and the
Florida Solar Energy Center.
(%$4,662)

ENERGY EFFICIENCY IN
INDUSTRIALIZED HOUSING:
Continuing monitoring the two
Energy Star Pam Harbor homes
and the three entry level houses
constructed in FY 1997; working
with additional Manufactured
Housing manufacturers,

opportunity to test needed passive
cooling concepts and more
effective meansto integrate the
auxiliary heating and cooling
systems and other renewable
energy technologies with the
passive solar ones. Validation of
the design and analysis tools used
for these buildings will occur. In
an effort to push performance
levels higher, amgor expansion
of the Building America program
will focus on the next generation
of systems integration research,
e.g., "zero energy home",
incorporating emerging
technologies and design
techniques. Thiswill provide
information and experience to
support Building Americainto the
future. ($8,762)

ENERGY EFFICIENCY IN
INDUSTRIALIZED HOUSING:
Dissemination of research
completed in FY 98 will be made.
The new competitive award will
address the demand for affordable
housing. This research will focus
on the process of producing



I11.  Performance Summary: BUILDING SYSTEMS DESIGN (Cont’d)

Activity FY 1997 FY 1998 FY 1999
Residential of three side-by-side entry partnering with the Structural energy efficient industrialized
Buildings (first-time buyer) level houses Insulated Panel Association housing and large-scale site
(Cont’ d) with various levels of energy (SIPA); American Engineered assemblage of components.

efficiency and |AQ features,
partnered with the Structural
Insulated Panel Association
(SIPA) to develop a pair of
houses in the state of Washington
in cooperation with the American
Engineered Wood Association
(APA) and Habitat for Humanity
International; assisted in field
testing software to simulate
factory site optionsin the
production of wall panels; and
completed evaluation of a
innovative new floor system.
Continued cooperative research
with the American Lung
Association and Habitat for
Humanity for the construction
and monitoring of four prototype
houses, including the construction
and monitoring of modular and
industrialized housing.

Monitored the performance of the
four 1996 Health Houses. (Florida
Solar Energy Center [FSEC],
Lawrence Berkeley Nationa
Laboratory [LBNL], Penn State
University [PSU], Oak Ridge
National laboratory [ORNL], the

Wood Association (APA); and
Habitat to develop a pair of
houses in Plains, Georgia;
assisting the American Lung
Association in developing an
entry-level "Hedth House" (TM);
monitoring the performance of the
FY 1997 Health Houses;
continuing design assistance,
workshops and seminars to
individua Habitat affiliates and
other non-profit housing
providers; and field testing of the
FSEC invented FanRecycler, that
economically maintains indoor air
quality (IAQ), in cooperation with
the Building America Industry
Consortia. Emphasisison
developing energy efficient and
resource efficient housing,
meeting the needs of local
communities. Asthe current
research winds down, a Request
for Proposals is being issued to
obtain new research resources for
continuation of technologies
developed by the program.
Award of this competitive
solicitation to be made in FY 99.

Attention is on panelized,
modular and HUD Code
manufactured units. Partner
determination for new research
will be made during the RFP
evaluation and award. A
prototype manufacturing facility
computer smulation model will
be used to demonstrate
adaptability of production
facilitiesand assist in the
continuing effort to improve the
energy efficiency of the
construction processes in two
manufacturing housing plants.
During FY 1999 producers of
industrialized housing will
continue working with Building
America Consortia teams to
develop new techniques for
"whole house" factory production
and site assemblage. Further,
cooperative research will continue
with the American Lung
Association for the construction,
monitoring and evaluation of
Health Houses. ($1,800)



I11.  Performance Summary: BUILDING SYSTEMS DESIGN (Cont’d)

Activity FY 1997 FY 1998 FY 1999
Residential University of Oregon [UQ]) (FSEC, LBNL, PSU, ORNL, UO)

Buildings ($1,500) ($1,300)

(Cont’ d)

DESIGN STRATEGIES:
Contributed to the analysis and
testing of residential ventilation
standards, mathematical models
duct measurement techniques and
design tools as part of an industry
consensus process (ASHRAE,
ASTM, etc.). Worked with the
International Alliance for
Interoperability to ensure
residential systems were
incorporated into software
standards; modified existing
building computer models to
analyze residential building
design options. Four completed
homes were monitored, data
analyzed, and work began on
redesigning of selected concepts
used in these buildings to
improve performance, to adapt
one design to a subdivision-scale
development, and on a building
using renewable energy strategies
to meet al its energy needs.
(National Renewable Energy
Laboratory [NREL], Lawrence
Berkeley Nationa Laboratory
[LBNL], the University of
Oregon [UQ], and the Passive

DESIGN STRATEGIES:
Research passive solar heating
and cooling advanced concepts
used in combination with
efficiency and other renewable
energy measures and system
engineering, creating building
designs that minimize building
energy loads. Adapting and
testing these concepts in multiple
subdivision planned unit
developments. Supporting
industry consensus process with
ASHRAE for thermal distribution
and residential indoor air quality
techniques. Releasing DOE-2.2
building analysis model with new
residential HVAC system, natural
ventilation and roof calculations.
Adding residential HVAC and
natural ventilation systemsinto a
new simulation program under
development, EnergyPlus.
Finalizing Multi-zone infiltration
model developed in cooperation
with the International Energy
Agency. Beginning fundamental
study of the interactive effect of
heat flow and mass flow in
building envelopes. Continuing

DESIGN STRATEGIES:
Develop test procedures and
measurement techniques related
to therma distribution, air quality
and air leakage with ASHRAE,
and ASTM. Particular emphasis
will be on technical contributions
to the ASHRAE Standard for
Residentia Ventilation. Provide
the prototypical next generation
designs of low energy building
concepts which the Building
America consortiawill
incorporate. Replicate lessons
learned into additional planned
unit development, providing the
opportunity to continue to test
cooling concepts and more
effective means to integrate the
auxiliary systems with passive
solar ones. Review and validate
(as needed) design and analysis
tools used for residential
buildings. Incorporate new
technologies, strategies and
methodol ogies devel oped under
the Building America and other
projectsinto residential design
tools as appropriate. Develop and
modify version 2.0 of the



I11.  Performance Summary: BUILDING SYSTEMS DESIGN (Cont’d)

Activity FY 1997 FY 1998 FY 1999
Residential Solar Industries Council [PSIC]) work with the International Building Design Advisor, and
Buildings ($860) Alliance for Interoperability to other residential building design
(Cont’ d) ensure residential energy issues tools. Insure the products being

Technology Access includes:
RESIDENTIAL ENERGY
EFFICIENCY PROGRAM:
Builders and building
stakeholders in housing were
trained in the integration of
Building Americatechnologies
and building practices, and
existing products and processes
used to improve new and existing
homes. Supported the Energy
Vauein Housing Awardsin
partnership with the National
Association of Home Builders.
Developed building guides, and
energy efficient training
specifications for builders.
(National Association of
Homebuilders Research Center
[NAHBRC], Energy Efficient
Builders Association [EEBA],
Southface Energy Institute,
National Association of Housing

are incorporated into building
software standards. (NREL,
LBNL, ORNL, UO, PSIC) ($900)

Technology Access includes:
RESIDENTIAL ENERGY
EFFICIENCY PROGRAM:
Focus on the integration of
advanced retrofit and whole
building system technologiesin
existing residential buildings and
new building design. Continuing
training for builders, building
trades and other stakeholdersin
housing, in the use of existing
products and processes used to
improve new and existing homes.
Rewriting building design
specifications, cost and energy
saving estimates, operation and
construction procedures for new
and existing residential buildings,
including low cost, affordable
housing. (NAHBRC, EEBA,
Southface Energy Institute,
NAHRO) ($700)

developed by the International
Alliance of Interoperability with
respect to residential energy
issues, are coordinated in order to
guarantee these concerns are
addressed appropriately. ($1,830)

Technology Access includes:
RESIDENTIAL ENERGY
EFFICIENCY PROGRAM:
Builders and building related
stakeholders will be trained in the
latest Building America
technologies and building
practices, how to overcome
financial and technology barriers,
and practices to improve new and
existing homes. The trainees will
be able to use a comprehensive
design and renovation approach
based on Building America
techniques and technologies
research to obtain an average of
20 percent energy efficiency gains
in existing housing, while
continuing to improve and expand
the choices available for
residential energy efficient and
renewable technologies. ($1,000)



I11.  Performance Summary: BUILDING SYSTEMS DESIGN (Cont’d)

Activity FY 1997 FY 1998 FY 1999
Residential Redevelopment Officials
Buildings [NAHROQ]) ($700)
(Cont’ d)
AFFORDABLE HOUSING: AFFORDABLE HOUSING: AFFORDABLE HOUSING:

Provided technical and design
assistance to local communities,
housing and financial industries,
and to nonprofit community
development organizations,
Habitat for Humanity, National
Association of Housing and
Redevelopment Officials, The
National Partnership for
Homeownership, and others.
Demonstrated and validated
benefits of technologiesin the
design of new homes and retrofit
of existing homes, integrating
housing technol ogies that
improved performance and were
cost effective into standard
practice. Developed housing and
design guides for Military
housing. (Oak Ridge National
Laboratory [ORNL], Argonne
National Laboratory [ANL],
Southface Energy Institute,
EEBA, Florida Solar Energy
Center [FSEC], Habitat for
Humanity [HFH], NAHRO)
($1,000)

Providing training materials to
Habitat for Humanity and assist
other affordable housing
organizations in developing
energy efficient low cost housing.
Working with the National
Association Home Builders
Research Center, National Center
for Appropriate Technology and
the Southface Energy Institute to
develop training programs for
builders and local contractors.
Sponsoring over a dozen regional
training seminars. Assisting
twenty communities to develop
energy efficient and/or
sustainable development housing
practices. Continuing a strong
emphasis on approaches that aid
home owners and prospective
home buyers to recognize and
value energy efficiency features.
Providing training and education
and showcased housing in
partnership with loca
communities, housing and
financia industries. Conducting
small competitive solicitations for
regional liaison support to local

Through training and on-site
technical assistance improve the
performance and cost
effectiveness of affordable
housing. Provide a coordinated
and extensive education and
training program in partnership
with local communities, state
agencies, and national
associations to the housing and
financia industries, nonprofit
community development
organizations, including Habitat
for Humanity and others that will
establish energy efficient housing
features as standard practice.
Thiswill be done through a
competitive solicitation. Target
home providers that provide
housing for low income families
below the 80 percent of an areds
median income, and that are
supported through public housing.
Sponsor more than two dozen
residential build/design training
program in partnership with local
communities. ($1,400)



I11.  Performance Summary: BUILDING SYSTEMS DESIGN (Cont’d)

Activity FY 1997 FY 1998 FY 1999
Residential community housing agencies.
Buildings (ORNL, ANL, FSEC, HFH,
(Cont’ d) National Congress for
Community Economic
Development, Global Green
USA, Southface Energy Institute,
NAHRO) ($600)
HOME ENERGY RATING HOME ENERGY RATING HOME ENERGY RATING
SYSTEMS: Provided funding to SYSTEMS: Continuing the SYSTEMS: Half thefunds are
seven pilot states to overcome fourth year of funding for seven for the fifth and final year of
barriers to energy efficiency pilot states. Providing support to financia support for the seven
financing through the use of other competitively selected states pilot states. The remainder isfor
Home Energy Ratings, training to overcome barriers to energy other states, selected
and technical and information efficiency financing through competitively, to overcome
assistance. ($1,535) Home Energy Ratings and related barriers to energy efficiency
activities. ($1,535) financing through Home Energy
Ratings and related activities.
($500)
$10,157 $9,697 $ 15,292
Commercia Commercia Buildings R&D Commercia Buildings R&D Commercia Buildings R&D
Buildings includes: includes: includes:

BUILDING PERFORMANCE
(includes Commercial/
Multi-family R&D): Conducted
research on whole building
concepts in buildings to quantify
energy performance, and related
non-energy performance (e.g.
worker productivity). In FY97

BUILDING PERFORMANCE
(includes Commercial/
Multi-family R&D): Conducting
research on whole building
concepts in buildings to quantify
energy performance, and related
non-energy performance.
Completing performance

BUILDING PERFORMANCE
(includes Commercial/
Multi-family R&D): Award the
Request for Proposal begunin
FY 98 and increase research on
whole building conceptsin
buildings to quantify energy
performance, and related



I11.  Performance Summary: BUILDING SYSTEMS DESIGN (Cont’d)

Activity FY 1997 FY 1998 FY 1999
Commercia focused on advanced perimeter measurement of exemplary non-energy performance. With
Buildings daylighting systems and their buildings constructed in FY 1995 industry teams of manufacturers,
(Cont’ d) integration in buildings, and and FY 1996 and publish findings designers and builders, work to

performance measurement of
exemplary buildings constructed
in FY 1995 and FY 1996.
Continued testing of Building
Automation Communication
Network (BACNET), the
communication protocol that will
allow building owners to integrate
control systems from multiple
vendors, and testing the advanced
lighting control system in the 450
Golden Gate building in San
Francisco with GSA, and PG&E.
Continued work with National
Science Foundation at Carnegie
Mellon University to develop the
"Intelligent Workplace." Started
anational strategy for
incorporating commissioning as a
vital component of the industry
construction process, with Federal
Agencies and a collection of
private organizations. This tool
will verify building systems
operate as the designer intended
and provides the systems tests
during commissioning to ensure
maximum performance. A
beta-test version of atool which
provides early detection of

on the effectiveness of the
integrated systems. Continuing
testing of BACNET, and
advanced lighting control system
with GSA and PG&E to
demonstrate the effectiveness of
an open communication protocol
to connect equipment of various
manufacturers. Continuing work
with Nationa Science Foundation
at Carnegie Mellon University to
develop the "Intelligent
Workplace." Beginning whole
building design study on school
building with Southern Cdifornia
Edison (SCE). Completing the
national strategy for incorporating
commissioning as avita
component of the industry
construction process which is
promoted by Federal Agencies
and a collection of private
organizations. A commissioning
planning guide for Rebuild
Americais being completed and
distributed. An energy
benchmarking tool, pivotal to
early determination of potential
candidates for efficiency
renovation, is being expanded to

improve and accelerate research
and adoption of building
processes and technical
innovations that increase
efficiency and affordability.
Conduct monitoring and analysis
activities at two exemplary
passive solar buildings.

Complete Carnegie Méellon
University's "Intelligent
Workplace" allowing
performance testing of
commercia systems integration,
and complete and publish
findings from the
lighting/controls systems
integration study on the 450
Golden Gate building in San
Francisco. Continue
commissioning and performance
monitoring of school building with
SCE. With industry, begin
implementing actions defined in
the national strategy for
incorporating commissioning as a
vital component of the industry
construction process. Complete
commissioning equipment/system
performance technical
specifications. The energy
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Activity FY 1997 FY 1998 FY 1999
Commercia problems in building energy include additional building types. benchmarking tool, will be
Buildings systems was completed in Completing the final version of a distributed widely for use by
(Cont’ d) partnership with Honeywell and tool which provides early architects and engineers. In

the University of Colorado (UC).
An energy benchmarking tool,
which is pivotal to early
determination of potential
candidates for efficiency
renovation was completed for
office buildings. In cooperation
with the National Institute of
Occupational Safety and Health
(NIOSH), began fundamental
studies of the relationship
between indoor environments and
worker productivity. (PNNL,
UC, Honeywell, NSF) ($2,000)

DESIGN STRATEGIES:
Developed energy design tools
for the building industry to

detection of problemsin building
energy systemsin partnership
with Honeywell and the
University of Colorado. Holding
industry workshops to determine
new directions for DOE's
involvement in the controls,
energy service, and other critica
industries. This new roadmap for
the Buildings Performance R& D
will be the basis for a competitive
solicitation in FY 99, developed
and advertised in FY 98.
Fundamental productivity studies
with NIOSH are producing first
synthesis of results. Scientifically
valid and statistically significant
inferences regarding the effects of
filtration are being reported to the
building community.

Contributing to the international
efforts to develop scientifically
valid basis for energy monitoring
and verification protocols.
(PNNL, LBNL, UC, Honeywell,
NSF) ($2,000)

DESIGN STRATEGIES:
Continuing the development of
energy design tools for the

partnership with industry, develop
materials which promote the wide
spread use of the early problem
detection tool developed with
Honeywell and the University of
Colorado. Establish database of
project performance data that
documents commercia building
retrofits, including energy use,
financing used, and measurement
and verification methods.
Fundamental studies with NIOSH
will report on a second hypothesis
on ventilation rates. Further
hypotheses will be developed in
cooperation with industry and
academia. Efforts on Energy
Monitoring and Verification
protocols will shift to the
implementation and promotion
stage. ($4,000)

DESIGN STRATEGIES:
Release the first version of
EnergyPlus, ajoint effort with
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Activity FY 1997 FY 1998 FY 1999
Commercia predict performance implications building industry to predict DOD, combining strengths and
Buildings of whole building design performance implications of capabilities of DOE-2 with
(Cont’ d) strategies and to answer "what if" whole building design strategies. DOD's BLAST (energy analysis

guestions. Tools allow designers
to make tradeoffs early in the
design, when critical decisions
impacting energy use are made.
Continued development of an
object-based simulator for
modelling advanced technologies.
Completed devel opment of
DOE-2.2 (building energy
simulation tool) for release in FY
1998. Completed fina version of
Softdesk Energy for release in
early FY 1998. Released beta
version of the Building Design
Advisor. Worked with the
Industry Alliance for
Interoperability (1Al) to release
the first two versions of the
building software interoperability
standards. Formed partnership
with DOD (U.S. Army Corps of
Engineers Construction
Engineering Research
Laboratories [CERL]) to develop
EnergyPlus, an energy smulation
program to replace DOE-2 and
the DOD program, BLAST.
Released version 1.2 of the
Designing Low Energy
Building/ENERGY -10 software

Releasing DOE-2.2, final release
of the DOE-2 program.
Completing development of
object-based ssmulator for beta
testing. Completing beta testing
of the Building Design Advisor
(working with utilities and the
Cdifornia Institute for Energy
Efficiency [CIEE]) and releasing
version 1.0. Working with the
Industry Alliance for
Interoperability, releasing the
third version (2.0) of the building
software interoperability
standards. Continuing
development of EnergyPlus.
With the international community
and industry, devel oping modules
for Designing Low Energy
BuildingsENERGY -10 software
allowing trade-offs among
passive and active solar,
photovoltaic and efficiency
strategies that may compete for
the limited building surface while
work proceeds on Version 2.0 to
incorporate more complex and
advanced passive solar, whole
building concepts. Releasing a
new version of the BESTEST,

software). Continue development
of software module to simulate
performance of complex
innovative building systems that
will then be integrated into
EnergyPlus. Continue
development of Building Design
Advisor to integrate energy
considerations into the early
design phase for large commercia
buildings. Release Version 2.0 of
the Designing Low Energy
BuildingsENERGY -10 software
package for making informed
decisions among solar and
efficiency strategiesin small
commercia and residentia
buildings in pre-design when
critical decisions affecting energy
use are made. Begin Version 3.0,
incorporating advanced concepts
learned in the buildings studies,
customized weather data, and
improved passive solar
calculations. Continue
participation in the Industry
Alliance for Interoperability to
ensure that energy attributes are
part of international standards for
sharing information among
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Activity FY 1997 FY 1998 FY 1999
Commercia package, providing additional software evaluation procedure. building-related software.
Buildings daylighting and efficiency Continuing development of test Incorporate ventilation and
(Cont’ d) strategies, and the ability to procedures for duct distribution mitigation strategies from our

downsize mechanical systems
developed with industry. Started
work with the international
community on procedures for
evaluating design tools.
Continued to contribute to the
scientific basis of commercial
ventilation standards and duct
measurement techniques, industry
standards and guidelines that
relate to energy conserving
designs of commercia buildings
being developed by ASHRAE,
ASTM, 1SO and other groups.
Theresult istimely and effective
adoption of DOE supported
technologies. (NREL, LBNL,
PNNL, CERL, Univ. of IL)
($3,200)

Technology Access includes:
REBUILD AMERICA: The
Rebuild America program focuses
on providing community
partnerships with information
needed to make informed
decisions when they are
renovating existing commercial
and multifamily buildings. The
partnerships focus on

systems with industry through
ASHRAE. (NREL, LBNL,
CERL, Univ. of IL) ($3,200)

Technology access includes:
REBUILD AMERICA: Rebuild
America continuesto help
communities reduce energy costs
in commercia and multifamily
buildings. Increase partnership
development and support to reach
goal of 100 trillion Btu/yr saved
by 2003. Two billion dollars will
be saved in avoided energy hills

research to improve indoor air
quality in EnergyPlus and
Energy-10. Complete
development of test procedures
for duct distribution systems with
industry through ASHRAE.
($5,020)

Technology Access includes:
REBUILD AMERICA:
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Activity FY 1997 FY 1998 FY 1999
Commercia comprehensive energy projects, between FY 1995 - FY 2003 for

Buildings including energy efficiency commercia building owners and

(Cont’'d) retrofits to lighting/heating/ multifamily housing tenants

cooling systems and strategies for
procurement of the most cost
effective gas and electricity
purchases. Information products,
case studies and technical
assistance are provided to local
decision makersto identify
energy opportunities, and to
design and finance building
energy projects. Technology
transfer activities focus on
outreach to building design,
construction, and facility
management professionals. The
program provides atwo way
street for research in Buildings
Systems; an outreach program to
ensure research results make it
into practice, and a
comprehensive evaluation that
provides feedback on the
effectiveness of current R&D
programs and products based on
actual needsidentified in practice.

Formed 50 new partnershipsin
FY 1997 -- atotal of 140
partnershipsin over 40 states.
Partnerships started over $1
billion dollars in energy

because of building retrofits
completed through the Rebuild
America community partnerships.
These energy retrofits will yield
savings that continue into the next
century at arate of $650
million/year. By the end of FY
1998, Rebuild Americawill be
reducing energy costs and
creating jobsin every state and
territory in the nation. Maintain
alliances with same organizations
asFY 1997. Consortiumis
helping recruit and provide
outreach for those communities
developing and implementing
Action Plans.

Fifty-five new partnerships are
being recruited to join the
program, increasing the total
Rebuild America communities to
195, representing all 56 states and

Recruit 85 additiona partnerships
to exceed the initial goal of 250.
Continue two tiered strategy: 1)
provide information and
assistance to help locally led
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Activity FY 1997 FY 1998 FY 1999
Commercia efficiency renovationsin 500 territories. These Rebuild partnerships retrofit buildings,
Buildings million square feet of floorspace. America partners are beginning to and 2) continue successful
(Cont’ d) Helping communities implement provide 100% of the fundsto plan aliances with national

energy efficiency programs,
alliances were established in FY
1995 and FY 1996 with U.S.
Conference of Mayors, U.S.
Chamber of Commerce, National
Association of Counties, National
Governors Association,
Association of Higher Education
Facility Officers, International
City/County Management
Association, National Association
of Counties, and Public
Technologies, Inc. (PTI)/Urban
Consortium. The magority of new
Rebuild America partnerships
will receive only technical
assistance and provide 100% of
the funds to plan and carry out
building energy improvements.
Provided performance contracting
assistance to lower utility costs
for public and assisted housing.
Leveraged more than $27 million
in contracts for private
investmentsin energy related
improvements for housing
agencies. Established
commitments for the energy
rehabilitation of more than
100,000 affordable housing units.

and carry out building energy
improvements. New partnersin
FY 1998 are implementing
Action Plans that will result in
over 400 million square feet of
floor space renovated, reducing
annual costs by $143 million
when local actions are completed.
FY 1998 partners are creating
5,720 jobs in the construction
trades, and reducing emissions by
0.345 MMTCE reducing smog
and global warming effects from
fossil fueled power plants.
Partners are leveraging $40-$50
million in performance contracts
for public and assisted housing,
with 200,000 units committed for
rehabilitation. DOE technical
assistance is meeting unique
needs of partnerships, e.g.,
development of information
handbooks on technol ogy
performance and financing
strategies, access to hotlines and
electronic bulletin boards,
peer-to-peer workshops, training
seminars, and customized
expertise from DOE national
laboratory staff. Continuing

organizations, e.g., U.S.
Conference of Mayors,
Association of Higher Education
Facility Officers, to reach nationa
representatives of key local
decison-makers. Continue and
expand support of showcase
community partnerships started in
FY 1995 and FY 1996. These
partnerships represent coalitions
of diverse organizations and will
reduce energy costsin schools,
city/county/state buildings, small
businesses, and corporations
across the nation. In
collaboration with DOE,
partnerships will use innovative
strategies to maximize market
penetration and ensure that efforts
continue after Federal funds are
gone, e.g., institutionalizing the
use of performance contracting,
integration of energy
improvements with the
Department of Housing and
Urban Development's Enterprise
and Empowerment Zones,
working within local chambers of
commerce as part of local
economic development strategy,
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Activity FY 1997 FY 1998 FY 1999
Commercia Provided technical assistance to aliances with national etc. Provide products and
Buildings ninety five existing partnerships. organi zations representing local technical assistance tailored to
(Cont’ d) Technical assistance istailored to government, public housing meet unigue needs of

meet unigue needs of authorities, private business, partnerships, e.g., development of

partnerships, e.g., development of
information handbooks on
technology performance and
financing strategies, accessto
hotlines and electronic bulletin
boards, peer-to-peer workshops,
training seminars, and customized
expertise from DOE national
laboratory staff. (LBNL, ORNL,
PNNL, ANL, NREL) ($6,850)

universities, schools, utilities,
energy service and financing
companies to increase
participation and leverage
education and technical assistance
to partners; recruiting and helping
new partnerships develop action
plans, providing planning
workshops and training on
technologies, financing, and the
retrofit process; developing
handbooks and guidelines to help
partners and building owners
understand energy efficient
technologies and financing
strategies; providing on-site
assistance to partnerships with
completed action plans,
sponsoring conferences to
promote spread of best practices
among partners, developing
WWW home pages, newsdl etters,
technology briefs, and; promoting
and recognizing partnership
successful approaches and results.
(LBNL, ORNL, PNNL, ANL,
NREL, APPA, USCM) ($7,000)

information handbooks on
technology performance and
financing strategies, assistance in
adopting whole building retrofits,
access to hotlines and electronic
bulletin boards, peer-to-peer
workshops, training seminars, and
customized expertise from DOE
national |aboratory staff and
private sector experts. The
program will increase awareness,
adoption, and use of the "whole
building" approach by industry
and communities. ($10,580)
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Activity FY 1997 FY 1998 FY 1999
Commercia OUTREACH: In collaboration OUTREACH: In collaboration OUTREACH: Continue
Buildings with the Environmental with the Environmental collaboration with the

(Cont’ d) Protection Agency, began Protection Agency, the program is Environmenta Protection Agency

development of an Energy Star
building performance labdl, a
benchmark for energy efficient
buildings, that will help establish
value for energy efficient
buildings in the commercial real
estate market. Began project with
International Union of Stationary
Engineers (IUSE) to develop
training for persons working
directly with equipment
operation. Continued promotion
and support of the industry
consensus guidelines related to
energy conserving designs of
commercia buildings developed
with ASHRAE, ASTM, I1SO and
other groups. (IUSE) ($1,048)

introducing and promoting the
Energy Star building performance
label, a benchmark for energy
efficient commercia buildings,
that will help establish value for
energy efficient buildingsin the
commercial real estate market.
Designing building operations
and facility management training
curriculums in partnership with
the International Facilities
Management Association, the
Association of Higher Education
Facilities Officers, and other
organi zations responsible for
training building facility
managers and building operators.
This builds on previous successes
working with the International
Union of Stationary Engineersto
develop training for persons
working directly with equipment
operation. Continuing design
assistance service for large scale
commercial construction projects
to increase adoption of ENERGY
STAR performance label for new
construction in addition to
promoting other Commercial
R&D products and experience.

to promote and test the Energy
Star building performance label, a
benchmark for energy efficient
buildings, that will help increase
value for energy efficient
buildings in the commercial red
estate market. With the Office of
Codes and Standards, Building
Standards and Guidelines activity,
run pilot projects in partnership
with States and utilities to test
automatic energy code
compliance strategies through the
awarding of the Energy Star label.
Using previoudly devel oped
curricula, begin building
operation/facility management
training and train building facility
managers in partnership with the
International Facilities
Management Association, the
Association of Higher Education
Facilities Officers, and other
organi zations responsible for
training building facility

managers and building operators.
Continue design assistance service
for large scale commercial
construction projects to increase
adoption of whole building design
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Activity FY 1997 FY 1998 FY 1999
Commercia Disseminating, synthesizing, and approaches and tools, appropriate
Buildings otherwise promoting the use of Commercia R&D products,
(Cont’'d) industry standards and guidelines including recognition of the

relating to energy conserving
designs of commercia buildings
being developed by ASHRAE,
ASTM, 1SO and other groups.
(TUSE, APPA) ($1,089)

$13,289

ENERGY STAR performance
label. Outreach activities will
focus on building design,
construction, and facility
management professionals.
Promote use of the International
Measurement and Verification
Protocol to provide building
owners and financiers with atool
to evaluate and increase
investment in energy efficiency.
($1,481)

$21,081

Building Systems
Design Total

$ 22,986

$36,373




BUILDING TECHNOLOGIES
BUILDING TECHNOLOGY, STATE, AND COMMUNITY SECTOR
(dollars in thousands)

BUILDING EQUIPMENT AND MATERIALS

[ Mission Supporting Goals and Objectives:

|.A. Statement of Mission

The mission of the Building Equipment and Materials program is to conduct research, development and deployment activitiesin
cooperation with private industry to provide industry with the advanced technology base needed for highly-efficient, globally
competitive building components (equipment, envelope subsystems and materials) and to accelerate the adoption and widespread
utilization of these advanced components within both residential and commercial buildings.

Buildings are responsible for 36 percent of the nation's total energy use, including 66 percent of its electricity consumption. In
addition to the $220 billion of direct cost that this represents to consumers, building energy use contributes significantly to air and
water pollution and depletion of the earth's non-renewable natural resources.

The long range goa of the Building Equipment and Materials program is to reduce sector energy consumption by 50% when the
program'’s advanced technology has fully penetrated the market. The strategy to achieve these goalsis to maintain a balance between
(1) creating new technologies through cost-shared |aboratory research and devel opment projects and (2) accelerating the introduction
of new technologies through technology partnerships using innovative approaches. It employs three major technology pathways:
Space Conditioning Equipment; Lighting and Appliances R&D; and Building Envelope R&D.

Within residentia buildings, advanced gas-fired heat pump technologies now being developed have the potentia to double the
efficiency of conventional equipment used for space heating and cooling, and for water heating. Similarly, new lighting technologies
will use less than half the energy of today's standard incandescent lamps while lasting ten times as long. Advanced refrigeration
research, coupled with new thermal insulating technologies, will greatly reduce the energy use of residentia refrigerator/freezers, and
new technologies will aso convert residential windows from a significant energy burden into a net source of building energy through a
combination of high thermal performance and selective capture of solar gain.
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Commercia buildings will also benefit from activities within the Building Equipment and Materials program. Advanced commercial
chillers and small-scale fuel cells are two technologies under development that will improve commercial building energy performance
while displacing electricity with natural gas during the summer peak demand periods. Scotopic lighting and advanced light
distribution technologies hold promise to improve worker productivity in addition to reducing commercia building lighting energy
consumption. Commercial buildings will aso benefit from research and devel opment of e ectrochromic windows that have the
capability of varying optical and solar heat gain properties, high performance low-dope roofing systems, and the development of new
coatings and materials that reduce urban heat island effects.

By the year 2000, the Building Equipment and Materials program will achieve the following:

-- market introduction of more than 10 new advanced technology products,

-- initial export shipments for 5 new products using DOE technology, and

-- accelerated market introduction of 6 new and emerging products which are the most efficient in their product class.

|.B. Program Benefits

At the proposed funding levels, the Building Equipment and Materials Program is estimated to yield the following benefits:

TR G e 2000 2010 2020
Primary Energy Displaced (Quads) 0.02 0.60 212
Energy Cost Savings ($B) 0.14 4.57 14.66

Carbon Reductions (MMTons) 0.41 15.04 50.81
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|.C. Performance Goals
Strategy/Goal for 2000

Space Conditioning R&D

In partnership with small business R& D firms, manufacturers, utilities and professional organizations, the Space Conditioning R&D
planning unit will develop space heating, cooling and refrigeration technologies such as natural gas driven heat pumps and chillers and
space cooling and refrigeration technologies using non-ozone depl eting refrigerants, and accel erate market introduction through high
volume purchases, utility program coordination, and technical information dissemination, resulting in 1 TBtu of energy saved in 2000.

Lighting and Appliance R&D

In partnership with small business R&D firms, manufacturers, utilities and professional organizations, the Lighting and Appliance
R&D planning unit will develop advanced lighting and appliance technologies such as low-power sulfur lamps, more efficient lighting
fixtures, the scotopic lighting concept, heat pump water heaters, high efficiency laundry equipment, refrigerators and commercial
refrigeration equipment, and accel erate market introduction through demonstrations, volume purchases, utility program coordination,
and technical information dissemination, resulting in 9 TBtu of energy saved in 2000.

Building Envelope R&D

The Thermal Insulation and Building Materials planning unit will establish an industry-acceptable single design for alow-dope roof
having an R-30 insulating value and a 30-year useful life that is adopted as general practice within the building industry. The program
also will complete development and demonstrate super-insulating materials that exhibit R-50 insulating value per inch, have a 20-year
life, and are cost effective in building and appliance applications. Standards will be developed for measuring and labeling reflectivity
on roofing and paving materials. Thiswill enable customers to design high reflective surfaces, thus reducing cooling loads on
buildings. These advances will result in 6 TBtu of energy saved in 2000.

The Windows and Glazing planning unit will, through industry partnerships, commercialize e ectrochromic windows for niche
markets for architectural applications. Along with industry's investment in high performance window and glazing production
capability, the program will double the market share of these products as compared to 1995, resulting in an energy savings of 1 TBtu
in 2000.
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Accomplishment Summary

FY 1997

Completed preliminary design of alow-powered sulfur lamp laboratory prototype using solid state power source; target efficiency
IS 100 lumens per watt, target lifeis 10-20 years.

Completed laboratory research on the scotopic lighting concept.

Demonstrated an R-50 per inch super-insulating powder vacuum insulation panel for use in both residential and commercial
appliances such as refrigerators and freezers.

Awarded phase I industry consortium pilot production of electrochromic window prototypes to develop expanded durability
testing.

Launched ENERGY STAR appliance program nationally in conjunction with manufacturers and utilities to promote appliances
significantly exceeding present efficiency standards.

Added clothes washers to the portfolio of ENERGY STAR products, qualifying models use 53% less energy than minimum
efficiency standards.

Expanded nationwide the public housing refrigerator purchasing partnerships with 71,000 newly-designed units with a 15% energy
efficiency improvement over the best currently available technology.

With manufacturers, demonstrated high efficiency washers for commercial and residential buildings that reduce energy
consumption by over 55%.

FY 1998

Complete test and evaluation of afull-scale laboratory prototype of a natural gas absorption chiller usng DOE's advanced DCC



l. Mission Supporting Goals and Objectives: BUILDING EQUIPMENT AND MATERIALS (Cont’d)

technology at Y ork International.
-- Completeinitial laboratory R&D to determine feasibility of prototype low-power sulfur lamp for residential applications.

-- Develop standards for measuring and labeling reflectivity on roofing and paving products and develop a data base of materials
available with high reflectivity coatings.

-- Add windows to the ENERGY STAR portfolio; double the number of retail stores labelling ENERGY STAR appliances to 2,400
nationwide; recruit five major appliance manufacturers to label ENERGY STAR appliances at the factory; and increase sales of
ENERGY STAR appliances by 30% over 1997.

--  Edtablish "Total Equivaent Warming Index" as the analytical comparative basis for insulating foam blowing agents.

--  Successful development and demonstration of the Whole Wall Rating System.

-- Through the DOE's hotel/motel consortium, promote sales of 20 laundry hot wastewater recycling and reuse systems saving 300
million gallons of water and 2 billion Btu.

-- Expand ENERGY STAR appliances in manufactured homes to include home builders throughout the U.S..

FY 1999 - 2000

-- Completefield test of acommercial prototype DCC absorption chiller with Y ork International.

-- Begintesting a laboratory prototype version of a natural gas Hi-Cool heat pump using advanced absorption technol ogy.

--  Complete research and demonstrate a pre-production prototype refrigerator/freezer with an industry partner that uses 1 kwh/day
of eectricity, 50% less than current standards allow.

-- Demonstrate energy efficient supermarket refrigeration and heat recovery systems in three new or remodel ed supermarkets.
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Initiate sales of small residential electric heat pump water heaters by a major manufacturer, with the objective of selling 100,000
units per year by 2005.

Successfully demonstrate full-size el ectrochromic windows.

Work with the Federal Trade Commission (FTC) to alow manufacturers to add the ENERGY STAR logo to the yellow and black
FTC "energy guide" label for covered products, and recruit an additional 1,500 storesto label ENERGY STAR appliances
nationwide.

I ssue mgjor solicitation on sustainable insulation.

Establish industry/government consensus rating system for building envel ope components, i.e., walls and roofs.

Successfully demonstrate full-size high performance spectrally selective windows utilizing enhanced ion-beam deposition.

Industry/government Windows Collaboration will have significantly contributed to doubling of market share for highly efficient
windows.



1. A Funding Table: BUILDING EQUIPMENT AND MATERIALS

FY 1997 FY 1998 FY 1999
Program Activity Enacted Enacted Request $ Change % Change
Technology Roadmaps and Competitive R&D . . $ 0 $ 0 $ 8,000 $ 8,000 >999%
Space Conditioning and Cogeneration .. ...... 11,440 12,430 15,380 2,950 24%
Lightingand Appliance ................... 6,798 5,342 11,080 5,738 107%
Building EnvelopeR&D .................. 7,842 9,149 11,721 2,572 28%
Total, Building Equipment and Materials . . . . .. $ 26,080 $ 26,921 $ 46,181 $ 19,260 72%

1. B. Laboratory and Facility Funding Table: BUILDING EQUIPMENT AND MATERIALS
Argonne National Lab (East) ............... $ 100 $ 200 $ 200 $ 0 0%
Brookhaven National Lab ................. 600 700 700 0 0%
LawrenceBerkeley Lab ................... 4,200 5,000 6,000 1,000 20%
National Renewable Energy Lab ............ 900 1,100 1,100 0 0%
Oak Ridge National Lab . ................. 12,000 13,000 15,100 2,100 16%
Pacific Northwest Lab . ................... 3,800 2,000 5,600 3,600 180%
AllOther ... ... .. . 4,480 4,921 17,481 12,560 255%
Total, Building Equipment and Materials . . . $ 26,080 $ 26921 $ 46,181 $ 19,260 72%




I, Performance Summary: BUILDING EQUIPMENT AND MATERIALS

Activity FY 1997 FY 1998 FY 1999
Technology This effort represents a new
Roadmaps and approach to conducting research
Competitive R&D for the building sector. Based

upon the direction identified in
the Office of Building
Technology, State and
Community Programs strategic
plan, development of 3-5
technology "road maps" in
collaboration with industry and
the research community will
continue. The technology road
maps will be drawn from areas
identified in the strategic plan
including heating, cooling and
ventilation; envel ope technology;
lighting, appliances, cogeneration
and system integration.
Participants will include industry
leaders, academics, national
laboratories, states, and other
identified contributors to each
road map. The goal isto identify
and implement research and
technology access actions
necessary to develop and bring
new energy efficient technologies
that will save energy and money
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Activity FY 1997 FY 1998 FY 1999

Technology and have beneficid

Roadmaps and environmental impacts, to the

Competitive R&D marketplace. These metrics will

(Cont’ d) be developed in concert with
industry partners as the road
maps are designed. Research and
development actions, that are
identified as appropriate for
DOE, will be undertaken through
competitive procurement and will
be cost-shared with partners.
(TBD) ($8,000)

$0 $0 $ 8,000

Space Heating and Cooling includes:

Conditioning and RESIDENTIAL ABSORPTION RESIDENTIAL ABSORPTION RESIDENTIAL ABSORPTION

Cogeneration HEAT PUMPS: The goal of this HEAT PUMPS: The goal of this HEAT PUMPS: The goal of this

program is to develop two
different gas-fired Absorption
heat pump concepts: 1) first
generation GAX heat pump for
markets where heating dominates
energy use and 2) a second
generation "Hi-cool" Absorption
heat pump with 30% higher
cooling performance for cooling
dominated markets. To

program is to develop two
different gas-fired Absorption
heat pump concepts: 1) first
generation GAX heat pump for
markets where heating dominates
energy use and 2) a second
generation "Hi-cool" Absorption
heat pump with 30% higher
cooling performance for cooling
dominated markets. In the period

program is to develop two
different gas-fired Absorption
heat pump concepts: 1) first
generation GAX heat pump for
markets where heating dominates
energy use and 2) a second
generation "Hi-cool" Absorption
heat pump with 30% higher
cooling performance for cooling
dominated markets. In the period
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Activity FY 1997 FY 1998 FY 1999

Space independent, industry supported 1997-2000, the GAX effort will 1997-2000, the GAX effort will
Conditioning and evaluations judged the GAX focus on moving the ASM focus on moving the ASM
Cogeneration technology superior in technology from the laboratory to technology from the laboratory to
(Cont’ d) performance and cost to other industry led field tests of industry led field tests of

cycles and is the preferred cycle
for acommercia product in
2000+. The program strategy is
to develop Hi-cool basic
technology in parallel with
developing the GAX, working
with small business, R&D firms,
HVAC manufacturers and the gas
industry. In the period
1997-2000, the GAX effort will
focus on moving the technology
from laboratory ASM to industry
led field tests of complete heat
pump units. The "Hi-cool" effort
will focus on R&D of ASM
laboratory components and initial
stages of system development.
The ASM isasingle unit that
houses the major absorption
components. In FY 1997, three
first generation prototype GAX
heat pumps were fabricated and
testing began at a national
laboratory. Increased
manufacturing involvement with a

complete heat pump units. The
"Hi-cool" effort will focus on
R&D of the ASM laboratory
components and initial stages of
system development for a
complete heat pump with market
potential in 2005. The ASM isa
single unit that houses the major
absorption components. In FY
1998, complete initial laboratory
testing of afirst generation GAX
heat pump, and initiate testing at
agasindustry selected site.
Working with a small business
manufacturer of absorption
systems, establish the design and
begin fabrication of
pre-production prototype units
for field testing. Work with a
major HV AC manufacturer of
heat exchangers to complete
design and begin building
multiple heat exchanger for
residential field test units and
laboratory heat pumps. Work

complete heat pump units. The
"Hi-cool" effort will focus on
R&D of ASM laboratory
components and initial stages of
system development fora
complete heat pump market
potential in 2005. The ASM isa
single unit that houses the major
absorption. In FY 1999,
complete test and evaluation of
prototype GAX heat pump at a
gasindustry site. Work with a
small business manufacturer of
absorption units to build multiple
prototype GAX heat pumps for a
multiple field testing. With a
major HV AC manufacturer of
heat exchangers, design and build
heat exchanger for small
commercial laboratory heat
pumps. With major gas utilities
in an industry led consortium,
continue to develop GAX
prototypes, manufacturing
processes, conduct field tests and



I1l.  Performance Summary: BUILDING EQUIPMENT AND MATERIALS (Cont’d)

Activity FY 1997 FY 1998 FY 1999

Space small business absorption chiller with manufacturers and key gas market analysis. Build critical
Conditioning and manufacturer began to design and utilities to form an industry-led components for the scale up
Cogeneration develop prototype heat pumps consortium to develop GAX design of the GAX ASM units for
(Cont’ d) using GAX components. prototypes, manufacturing resdential and small commercial

Working with amagjor HYAC
manufacturer, developed heat
exchanger design for the
laboratory heat pumps. With
small businesses, designed,
fabricated and continued
laboratory testing of critical
components and high temperature
materials research for two
different design concepts, a
branched GAX and an
Solid/Vapor. (EPAct Section
2102) Phillips, Robur, Lennox,
Energy Concepts, Rocky
Research) ($5,212)

processes, and conduct field tests
and market analysis. Initiate the
scale-up design of the ASM for
GAX technology from residentia
to small commercial size unitin
response to market opportunity
identified by the gas industry, and
HVAC manufacturers. In FY -
1998, continue test, evaluation,
and increased manufacturers
involvement leading to
commercidization. InFY 1998
laboratory testing of critical
components for two different
design concepts. branched GAX
and solid/vapor will be
completed. Fabrication and
testing of prototype heat pumps
and of ASM units will begin.
(EPAct Section 2102) (Phillips,
Robur, Lennox, Energy
Concepts, Rocky Research,
ORNL) ($5,400)

market opportunities identified by
the gasindustry, and HVAC
manufacturers. In FY 1999, with
increased manufacturers
involvement, complete a
manufacturing cost analysisto
verify first cost and marketability
of acommercia product. InFY
1999, compl ete fabrication of an
ASM for prototype small
commercia Hi-cool branched
GAX heat pump. Complete
laboratory testing of high
temperature heat exchanger for
the Solid/Vapor heat pump
concept. (Phillips, Robur,
Lennox, Energy Concepts, Rocky
Research, ORNL) ($6,450)
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Activity FY 1997 FY 1998 FY 1999

Space DESICCANTSAND DESICCANTSAND DESICCANTS AND
Conditioning and CHILLERS: Thegoa of this CHILLERS: Thegoal of this CHILLERS: Thegoa of this
Cogeneration activity isto develop natural activity isto develop natural activity isto develop natural
(Cont’ d) gas-fired desiccants and chillers gas-fired desiccants and chillers gas-fired desiccants and chillers

to reduce energy used for air
conditioning, reduce electric peak
loads and improve indoor air
quality in commercia buildings.
The FY-1997 objectiveisto field
test and evaluate desiccant
systems in comparative testing
with standard HVAC cooling
equipment and laboratory test
advanced components. For the
chiller, evaluate the performance
of ahigh efficiency prototype
commercia size chiller. Moisture
and humidity problemsin
buildings result in significant
EXCess energy consumption in
conventiona cooling equipment,
in poor indoor air quality and in
high costs for more frequent
renovation (estimated to cost the
hotel/motdl industry alone $70
million ayear). The wet coils and
ductwork in conventional cooling
systems in humid areas breed

to reduce energy used for air
conditioning, reduce electric peak
loads and improve indoor air
quality in commercia buildings.
The FY-1998 objectiveisto
continue field test and evauation
of additional desiccant systems
for comparative testing with
standard HVAC cooling
equipment and initiate concept
evaluation of liquid desiccant
systemsin laboratory testing. For
the chiller, complete testing of a
high performance commercia size
chiller. Continue to develop two
solid desiccant conceptsin
competitively-selected projects
with cost-sharing industry
partners. Expand the
comparative field test of a
desiccant air-conditioner concept
to include large restaurants and
schools. Begin afield pilot test of
the desiccant pre-conditioner for

to reduce energy used for air
conditioning, reduce electric peak
loads and improve indoor air
quality in commercial buildings.
The FY-1999 objectiveisto
begin testing of a prototype
desiccant based pre-conditioner
into amodular HVAC system.
Complete field testing of
desiccant systems in comparative
testing with standard HVAC
cooling equipment and laboratory
test advanced components. For
the chiller, begin field testing of a
modified high efficiency
pre-production commercia size
chiller. Continue to develop two
desiccant concepts in
competitively-selected projects
with cost-sharing industry
partners. Monitor comparative
field tests of a desiccant
air-conditioner concept at large
restaurants and schools and
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Activity FY 1997 FY 1998 FY 1999

Space mold and bacteria which can be a treating ventilation air in complete areport on 1AQ
Conditioning and health hazard. In addition, new combination with conventional benefits, costs and energy savings
Cogeneration ASHRAE requirements for air-conditioning systems and in the field installations.

(Cont’'d) greatly increased ventilation air to initiate development of fully Complete afield pilot test of the

achieve good indoor air quality
place an additional
dehumidification burden on air
conditioning systems. Desiccants
have the ability to reduce
moisture levels, improve air
quality and treat increased
ventilation air rates with lower
energy consumption than
conventiona systems. Continued
to develop two solid desiccant
conceptsin
competitively-selected projects
with cost-sharing industry
partners. continued a
comparative field test of a
desiccant air-conditioner concept
in small restaurants and theaters
and devel oped a desiccant
pre-conditioner for treating
ventilation air in combination
with conventional
air-conditioning systems.
Completed the initial round of

integrated combined unit.
Continue to work with
manufacturers in testing and
evaluating prototype solid
desiccant wheels. Begin initial
tests of anew liquid desiccant
absorber. Continue cost-shared
development of aDCC
absorption chiller at York
International. Complete
performance test of afull-scale
|aboratory prototype. Complete
cost analysis and market study as
apreludeto field test of a
commercial prototype based on
materials characterized in the
dynamic corrosion studies.
Complete development of the
critical components for a
commercial prototype unit for
field test. (Semco/Trane, ICC
Technologies, AIL, NREL, York
International, ORNL) ($2,400)

desiccant pre-conditioner for
treating ventilation air and
compl ete development and
initiate afield test of a unit with
integrated desiccants and
conventional air-conditioning.
Compl ete the second round of
testing of manufacturer prototype
solid desiccant wheels. Expand
liquid desiccant efforts by
initiating industry cost-shared
development of high efficiency
liquid dehumidifiers. Continue
cost-shared development of a
DCC absorption chiller at York
International. Perform afield test
of acommercial prototype DCC
chiller in cooperation with Y ork
International. A successful field
test will complete the project.
Evaluate opportunities for
increasing performance and
reducing emissions of gas
engine-driven chillers, as an
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Activity FY 1997 FY 1998 FY 1999

Space prototype testing and established aternative to absorption chillers.
Conditioning and afigure-of-merit for rating solid (Semco/Trane, ICC
Cogeneration desiccant wheels. Initiated Technologies, AIL, NREL, York
(Cont’ d) exploratory studies of liquid International, ORNL) ($2,300)

desiccant systems. The goal for
large chillersisto develop, for
large commercial buildings,
absorption chillers based on
DOE-patents with 40% higher
cooling efficiency than the best
existing (Japanese) technology.
The first of two key technologies
has been licensed and is being
independently developed by a
major manufacturer with gas
industry funding. The second, the
Double-Condenser Coupled
(DCC) concept, isbeing
developed in a 35% cost-shared
effort with competitively-selected
York International and with
technical support from small
business R&D firms. Completed
fabrication and began
performance test of afull-scale
laboratory prototype DCC chiller.
Initiated corrosion studiesin a
new dynamic test facility to
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Activity FY 1997 FY 1998 FY 1999
Space identify low-cost materials.
Conditioning and Continued development of the
Cogeneration critical components for a
(Cont’'d) commercia field test prototype.
(Semco/Trane, ICC
Technologies, AlL, NREL, York
International, ORNL) ($2,518)
FURNACES AND FURNACES AND FURNACES AND

BOILER/COMBUSTION
RESEARCH: The 11 million
U.S. homes and numerous
commercid buildings relying on
oil-fueled space heating and water
heating equipment consume 2.1
quads of oil annually. The
purpose of this program isto
provide the R&D for aU.S. oil
heat equipment industry which
has very limited R& D capability
and is susceptible to foreign
competition. The primary goal is
to develop combustion systems
which do not degrade in
efficiency and which are
applicable to today's more
efficient buildings. To meet this
goal, research continues with

BOILER/COMBUSTION
RESEARCH: Continue research
with small business manufacturers
on several designsfor alow firing
rate fan atomized burner (FAB),
exploiting unigque advantages of
this new burner, including: a
low-cost design and a self-tuning
design. Under continuing

NY SERDA cost sharing of small
business manufacturers, conduct
field testing of the basic, low
excessair FAB with
furnace/boiler manufacturers.
Terminate work on two stage
prototype FAB in favor of
designs offering higher potential.
Also with NY SERDA
cost-sharing, continue to develop

BOILER/COMBUSTION
RESEARCH: Continue research
with small business
manufacturers on several designs
for alow firing rate fan atomized
burner (FAB), exploiting unique
advantages of this new burner,
including: alow-cost design and
aself-tuning design. Thr